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Sentinels 
 for Agricultural monitoring 

– the case of irrigation 



The ESA EO Programme 

Scientific: Earth Explorer Missions 
Operational: Copernicus Sentinel Missions 
Operational: Meteorological Missions 

Meteorological Sentinels Explorers 



Sentinels – New Era of Observations 
EU-ESA Copernicus Space Programme 

2014 & 2016  

Sentinel 1 – SAR imaging 
All weather, day/night application e.g. floods, 
water bodies, wetlands 

2015 & 2016  

Sentinel 2 – Multi-spectral imaging 
Land applications: urban, forest, agriculture 
Continuity of Landsat, SPOT 

Sentinel 3 – Ocean & global land monitoring 
Wide-swath ocean color, global vegetation, land/sea 
surface temperature, altimetry, lake water quality 

Long-term Continuity & Access to Earth Observation data 

• Free and open data policy* 

* Joint EU/ESA Data Policy Principles adopted by ESA member states in Sep ‘09, EU announced in Nov. 2013 

2015 & 2017  



Sentinel contribution to GEOGLAM 
Primary missions for all Targets Products 
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Agricultural Practices / Cropping Systems: Derived cropland products (i.e., field size, 
number of cropping cycles per season, diversity of crops) from all types of observations (i.e. 
coarse, moderate, fine and very fine) resolution observations (requirements #2, #4 - #6, #8, 
#10, and #11). 

3.2 Satellite)Observation)Requirements)for)Target)Products)

Table 3 summarises the satellite observations required to support the generation of the target 
products defined in Section 3.1. This includes the required spatial resolution, spectral range, 
effective observation frequency, and sample type for each product. 11 requirements have 
been defined in support of the target products. 

 

Table 2 GEOGLAM Phase 1 Satellite Observational Requirements for Target Products 
Field size variation: small (S ~ <2.5 ha), medium (M = ~2.5 ha-15 ha), and large (L = ~ >15ha) 

* Cloud free < 10% average cloud cover across the scene. 

Additional notes on Table 3: 

- ‘X’ indicates data required for all field sizes 

- Data should be made available near-real time, particularly for within season assessments; 

- Spatial resolution requirements are generated relative to field size; this is preliminary 
and could be refined/improved with a consideration of landscape heterogeneity and 
spatial pattern; 

Source: CEOS ACQUISITION STRATEGY FOR GEOGLAM PHASE 1 

 

 

 

 

 

 

 

 

 

 

 

 

CEOS ACQUISITION STRATEGY FOR GEOGLAM PHASE 1 
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•  Launch: 3rd Arpil 2014, 2016, ... 

•  Constellation of two satellites 

•  C-Band Synthetic Aperture Radar, weekly coverage (2 satellites) 

•  Nominal lifetime in orbit of 7 years (max. 12 yrs) 

•  Sees through cloud cover! 

 

Copernicus Sentinel-1 



Sentinel-1: Rice Monitoring 
Monitoring of Crop Stages 

Rice: early stage 

Rice: tillering stage 

Rice: reproductive stage 

Rice: maturity stage 

Non rice (forest, other LULC) 

Water (ocean, river, aquaculture) 
Land outside the Vietnam Mekong delta  

03-02-2015 27-02-2015 23-03-2015 04-04-2015 

The Mekong Delta, Vietnam 
300 km x 300 km 
20 m resolution 

Winter-Spring Rice 

Contains Copernicus data (2015) 



Copernicus Sentinel-3 

1. Ocean and Land Colour Instrument  (OLCI) – improved MERIS 

• 21 channels, 300 m resolution, 1270 km swath 

2. Sea and Land Surface Temperature Radiometer (SLSTR) – improved AATSR 

• 9 channels, 500m – 1km resolution, 1675 km swath 

3. Sea & Ice Topography Payload  
(SRAL, MWR, GNSS, DORIS, LRR) 

 
 
 
 
 
 
 
 

 
 

• Launch: end 2015 & 17, ... 

• Revisit at equator = 2 days (or daily with 2 satellites) 

• 7 year lifetime (max. 12 yrs)  

 
 
 
 



Copernicus Sentinel-2 

Multispectral High Resolution Optical Imager 

• Launch: June 23rd 2015, 2016, ... 

• 13 bands (VIS, NIR & SWIR) 

• 290 km swath at 10, 20 and 60 m 

• Systematic acq. of all land and coasts 

• 5 days repeat cycle with 2 satellites 

• 7 years design lifetime (max. 12 yrs) 

 



290 km 

Sentinel-2 Swath & resolution  
10 m for field scale mapping 
 

10 meters resolution 

Copernicus data (2015) 



SENTINEL-2:  
5 days revisit for crop dynamics 

Sentinel-2 (2 satellites) 5 days revisit 

frequency  (SPOT5-Take5) 

Valencia (Spain) – April – June 2015  

flooding dynamic of rice field and monitoring the 

start of growing season 

 

 

 

 

 

 

 

 

20 April 2015 

30 April 2015 

10 May 2015 

15 May 2015 

20 May 2015 

25 May 2015 

04 June 2015 

09 June 2015 

14 June 2015 

19 June 2015 

16 July 2015 by Sentinel-2a  
	 Copernicus data (2015) 



SENTINEL-2: 
Irrigation monitoring 

Copernicus data (2015) 



Aquapath-Soil 

Irrigation decision 

support service: 

• Estimation of 

Evapotranspiration (ETA) 

• Spatial explicit LAI  

• Meteorology  

• Delivery to farmers 

• SMS and maps 

publication 

http://www.agro-evapo.eu/?lang=en 



Aquapath-Soil:  
Irrigation Information Services 

Sem.Ant./Prx.(ET0:7/17mm 
T:15/15C P:23/0mm)-
ETA(mm): Barrosa(4/3) 

EO-LAI ETA 



Sentinel-2:  
Irrigation monitoring in Morocco  

Marrakesh (Morocco) - Sentinel-2 - 12 July 2015  

Water consumption for irrigation of summer vegetation (in red) 

 
 Copernicus data (2015) 
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kc approach

analytical approach
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kc approach

analytical approach
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kc approach

analytical approach

Dip in June indicates the 
transition from winter 
(sugarbeet) to summer 
(maize) crops 
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Total crop water requirements for the three irrigation schemes 

Crop water requirements over time 
Irrigation performance in Morocco  
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CWR vs Water allocation 
CGR 330 - GRAVITY 

CWR (m3/mois) Water allocation (m3/mois)
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CWR Vs water allocation 
CGR 322 - SPRINKLER 

CWR (m3/mois) Water allocation (m3/mois)
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CWR Vs Water allocation 
District of Sidi Bennour 

CWR (m3/mois) Water allocation (m3/mois)

Crop Water Requirements vs Water Allocation 
For different Irrigation Schemes 

Akdim, N.; Alfieri, S.M.; Habib, A.; Choukri, A.; Cheruiyot, E.; Labbassi, K.; Menenti, M. Monitoring of Irrigation 
Schemes by Remote Sensing: Phenology versus Retrieval of Biophysical Variables. Remote Sens. 2014, 6, 5815-5851. 



Water Bodies Mapping 
Irrigation & Dam planning 

1022 small reservoirs  
(Southern Province, Zambia, 2011) 



EO service support the planning of UN-IFAD (International Fund 

for Agricultural Development) investments in irrigation schemes 

Potential areas for irrigation 

schemes (in green) based on 

land cover, terrain and 

accessibility information 

Irrigation Infrastructure Planning  
in Madagascar  
 



Conclusions:  
Sentinels Potential for Agriculture  

Operational Observations from the Sentinels 

Continuous information from field to global scale 

Responding to most GEOGLAM target products 

Open data policy & long-term continuity for sustainable 

uptake 

 

Supporting activities needed for full exploitation 

Continuous R&D for optimized and validated EO products 

Facilitation of EO data access & multi-sensors handling 

Capacity Building for integration in user’s operations 

Ongoing cooperation with Developing Agencies for 

Mainstreaming EO  



Sentinel-1 & -2 Data access 

• Full Sentinel data access on the Science Data Hub 

• All Sentinel-1 data available since launch 

• First Sentinel-2 product samples already online! 

https://scihub.esa.int  



http://sentinel.esa.int 



Aquapath-Soil 
objectives 



Estimation of Crop Water Requirements for 
Irrigation Performance 

Sentinel-2 time series 
(RapidEye, Spot-4) 





International Development Initiative  
Mainstreaming Earth Observation 

EO informing Development activities & investments 

planning, design, implementation & monitoring  

Collaboration with International Development Banks 



Current Zambezi Flooding in SE 
Africa  

Credit: USDA FAS 

Credit: USDA FAS, Soil moisture in southern Africa in mid-April 2014.  

SMOS data used to predict drought and improve 
crop yield by US Department of Agriculture 
(USDA) 
Crop Explorer website: 
http://www.pecad.fas.usda.gov/cropexplorer/ 

SMOS:  
Soil moisture for drought 



„Traffic light“ system – Near Real Time Start of Season assessment 

…not moist 
enough…  

Soil is moist 
enough or…  

Soil Water Index 
(based on ASCAT) 

Processing Chain 

…for the Start of Season (SoS) 

Metop/ASCAT:  
Soil moisture for crop growth 


